Spinning disk confocal microscopy of live, intraerythrocytic malarial parasites. 2. Altered vacuolar volume regulation in drug resistant malaria.
In the previous paper [Gligorijevic, B., et al. (2006) Biochemistry 45, pp 12400-12410], we reported on a customized Nipkow spinning disk confocal microscopy (SDCM) system and its initial application to DIC imaging of hemozoin within live, synchronized, intraerythrocytic Plasmodium falciparum malarial parasites. In this paper, we probe the biogenesis as well as the volume and pH regulation of the parasite digestive vacuole (DV), using the fluorescence imaging capabilities of the system. Several previous reports have suggested that mutant PfCRT protein, which causes chloroquine resistance (CQR) in P. falciparum, also causes increased acidification of the DV. Since pH and volume regulation are often linked, we wondered whether DV volume differences might be associated with CQR. Using fast acquisition of SDCM z stacks for synchronized parasites with OGd internalized into the DV, followed by iterative deconvolution using experimental point spread functions, we quantify the volume of the DV for live, intraerythrocytic HB3 (CQS), Dd2 (CQR via drug selection), GCO3 (CQS), and GCO3/C3(Dd2) (CQR via transfection with mutant pfcrt) malarial parasites as they develop within the human red blood cell. We find that relative to both CQS strains, both CQR strains show significantly increased DV volume as the organelle forms upon entry into the trophozoite stage of development and that this persists until the trophozoite-schizont boundary. A more acidic DV pH is found for CQR parasites as soon as the organelle forms and persists throughout the trophozoite stage. We probe DV volume and pH changes upon ATP depletion, hypo- and hypertonic shock, and rapid withdrawal of perfusate chloride. Taken together, these data suggest that the PfCRT mutations that cause CQR also lead to altered DV volume regulation.